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PyT The peculiar features found in pyrithiamine (PyT) treated animals are early and definite occurrence of neuromuscular symptoms of thiamine deficiency and re markable diminution of thiamine levels in the brain (1-6) . Rindi and Perri (7, 8) , in order to elucidate the mechanism of the thiamine lowering action of PyT , have studied the uptake of this antithiamine compound by rat tissues and found that PyT rather specifically accumulated in the brain tissue, and suggested that the mechanism of thiamine depletion by PyT was the result of replacement of thiamine by PyT.
However, direct evidence for this hypothesis had not been obtained because of the difficulties in simultaneous determination of thiamine and PyT . As reported in the preceding paper (9) , this difficulty has been successfully overcome by making use of the different behavior of these compounds toward oxidizing reagents such as cyanogen bromide and potassium ferricyanide, and of different fluorescence spectra of the oxidation products.
In the present report, the uptake of PyT in relation to tissue thiamine levels was reexamined by use of this method.
MATERIALS AND METH DS
Male rats of the Wistar strain weighing approximately 100g were fed a normal stock diet (normal group) or synthetic thiamine-deficient diet (thiamine-deficient group) in wire-mesh bottomed cages. The thiamine-deficient diet consisted of sucrose, 30; washed rice powder, 35; vitamin free casein , 20; soybean oil, 10; salt mixture, 5 (%). The diet was supplemented with cod liver oil , 5g; riboflavin, 5; pyridoxine, 5; ascorbic acid, 25; nicotinamide, 10; calcium pantothenate, 50; folic acid 2.5 (mg); per kg of the diet.
On the 18th day of the experiment, each rat received 10mg/kg of PyT (pyri thiamine hydrobromide; Sigma Chem. Co.) by a single intraperitoneal injection , and they continued to be reared on a stock diet or thiamine-deficient diet . The animals were sacrificed at different time intervals after the injection , and PyT as well as thiamine contents in brain, liver, heart and skeletal muscle (M . gastrocne mius) were simultaneously determined by a spectrofluorometric method , the detailed procedure of which was reported in the preceding paper (9) .
Half of the thiamine-deficient group was treated with a daily intraperitoneal injection of 10mg/kg of thiamine-HCl starting from 24 hr after the injection of PyT, and both PyT and thiamine concentrations in tissues were determined peri odically. The rat to be sacrificed did not receive thiamine on the day of the de termination.
RESULTS

PyT and Thiamine
Contents in Tissues After a Single Injection of PyT to Normal and Thiamine-Deficient Rats The changes of PyT concentrations and thiamine levels (expressed as the total of free and phosphorylated forms) in the tissues of normal and thiamine-deficient rats receiving 10mg/kg of PyT by a single intraperitoneal injection are shown in F ig. 1.
In the liver, an early and remarkable uptake of PyT was found in both normal and deficient groups, the concentration of which reached a maximum within 1 hr after the injection and decreased thereafter.
The rate of disappearance of PyT in the liver was much faster in the normal rats than in the deficient ones. Thus, most of the PyT in the liver of normal rats disappeared within a week, while that of the deficient rats remained at a higher level, which was very close to the total thiamine level of the normal rat, even 6 days after the single injection of PyT. The total thiamine level in the liver of the normal rat slightly decreased 24 to 48 hr after the injection of PyT and then recovered to the normal level. In the case of the deficient rat, the liver thiamine level decreased to 10% below that of the normal rat and was not further affected by PyT administration. Heart and skeletal muscles showed a similar behavior as brain.
Effect of Thiamine Administration on the Tissue PyT Contents
In order to test the PyT replacing effect of thiamine, a daily dose of 10mg/ kg of thiamine-HCl was administered intraperitoneally to the thiamine-deficient rats treated by an injection of 10mg/kg of PyT 24 hr prior to the start of thiamine administration, and the concentrations of both PyT and thiamine in the tissues were determined periodically.
The results are shown by the dotted lines in the right chart of Fig. 1 .
The decreased levels of thiamine in all the tissues examined returned to the normal levels by the injection of thiamine 5 times, and PyT in the tissues rapidly decreased, the decrease being inversely proportional to the increase in thiamine concentrations.
Distribution of Phosphorylated
Form of PyT in Tissues The distribution of free and phosphorylated PyT in various tissues of thiamine . deficient rats was determined 48 hr after the intraperitoneal injection of 10mg/kg of PyT. Total PyT was determined after Jiydrolyzing the phosphorylated forms with Takadiastase, and free PyT was determined without the Takadiastase treat ment. The values obtained by substracting free PyT from total PyT were expressed as phosphorylated PyT.
As shown in Fig. 2 , most of the. PyT in tissues, except spinal cord, was preset in the phosphorylated form, the distribution ratios of which in heart, skeletal muscle, liver and brain were 93, 90, 77 and 71%, respectively. In spinal cord a considerable amount of free PyT (approximately 50% of the total) was found. 
Tissue Affinities for PyT and Thiamine
To compare the affinity of PyT to various tissues with that of thiamine, an equimolar amount of PyT or thiamine (10mg/kg as thiamine-HCl) was injected intraperitoneally to 18-day deficient rats, and PyT as well as thiamine in liver, heart, brain and muscle was determined 24 hr after the administration. The results are shown in Fig. 3 .
Uptake of PyT by these tissues was always greater than that of thiamine. In such tissues as liver, heart and skeletal muscle, the uptake of PyT was nearly dou ble that of thiamine.
A more distinct difference between the uptake of PyT and thiamine was found in brain. In this tissue, only a slight increase in thiamine concentration occurred by thiamine injection.
However, a remarkable increase in PyT concentration was observed by the injection of an equimolar amount of PyT, and in this case, the thiamine level in the brain decreased considerably as com pared with that of the untreated control. Coadministration of PyT and thiamine caused reduction in the uptake of both compounds and suggested that one of these compounds inhibited the uptake of another competitively. group. Also in this case, the administration of large doses of thiamine markedly accelerated the rate of disappearance of PyT from the tissues, and at the same time, tissue thiamine levels increased steadily.
From these results, it was suggested that PyT was first taken up by liver rather nonspecifically, and then it was gradually released to the blood stream, perhaps in the phosphorylated form. The rate of PyT uptake by nervous and muscular tissues was very slow. The PyT concentration in these tissues did not always reflect the blood PyT level, since the blood level was quickly decreased as in the liver. They may have taken up PyT (-DP) by a specialized transport mechanism for thiamine (-DP). PyT taken up by the tissues was present as the phosphorylated form and it would compete with thiamine diphosphate (TDP) by combining with the apoen zyme which was dissociated from the holoenzyme (TDP-apoenzyme) .
In thiamine-deficient tissues, PyT-DP could readily combine with TDP-depen dent apoenzymes so that high PyT levels were obtained because most of the TDP -dependent apoenzymes were set free by losing TDP. Administration of thiamine in large doses could replace PyT by thiamine. In normal rats, the total uptake of PyT was considerably lower than that in the deficient rat. It might be explained as follows. Most of the TDP-dependent enzymes in tissues of normal rats were considered to be saturated with TDP but the binding of TDP with apoenzymes is not so tight and dissociation of TDP from enzymes might occur at a constant rate , since the tissue TDP level decreased gradually when thiamine was withdrawn from the diet. If PyT-DP was taken up along with TDP by tissues, it would be com bined with the dissociated apoenzyme., competing with thiamine, so that the binding of PyT-DP with the enzyme protein might be mainly dependent on the turn-over rate of the TDP-enzyme complex.
As shown by Rindi and Perri (7, 8) , when PyT was administered to normal rats in a single dose and the rat was reared on a thia mine-deficient diet, the brain PyT level gradually increased and reached a maximal level, which was close to the normal thiamine level in brain, 12 days after the injection. However, as reported in the present paper, if the thiamine supplement was continued after the injection of PyT only a slight increase of PyT in the brain was observed and it disappeared from the brain within 6 days.
These results, together with the fact that PyT in the tissues of thiamine deficient rats was quickly replaced by thiamine administration, suggested that PyT competes with thiamine by binding with TDP-dependent enzyme protein .
